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INTRODUCTION
The presence of members of the Escheri chia-Aerobacter

group in water has long been recognized as an efficient

measure of the safety of the water. This necessitated the
use of some medium or media which would show the presence
of these organisms even if they were in mixed cultures.

Standard Methods have attempted to point out and make a
survey of any such media in order to determine the best

methods tonused in routine water analysis.
The Standard Methods Procedure , since its inception in
1904, has been criticised for certain weaknesses; lack of

specif icity, permitting of false presumptive tests, and en-

couragement of the growth of weak Escherichia coli which
are reported to be of no significance. As a result there

have been other media suggested;Brilliant green lactose
peptone bile Methylene blue-erythrosine-brom cresol purple
,

broth, Crystal violet broth Lactose broth r buf f ered,Ferro,

cyanide citrate agar , Methylene blue erythrosine ,brom cresol.
,

agar, Bile salt agar, and Sulfite glucose agar.
It is the purpose of this thesis to study the be-

havior

of certain organisms ex^pected in water on sorjc

of these media.

REVIEW of LITERATURE
Standard Methods
At a meeting of the American Public

Seltftft

Association

in Montreal, Canada, in 1894, the Committee on the Pollution
of Water Supplies closed its report with the suggestion of
a cooperative investigation into the bacteriology of water

supplies. This suggestion was approved

"oy

the association

and a sub- commit tee was appointed to make a survey of bacter
iological methods then in use. The sub-c omr.it tee undertook
to determine methods of laboratory practise to be adopted in

routine water analysis. Because of the wide variation in the

general lo.boratory practise, they called for a convention of

American Bacteriologists

to,

be held in Hew York Citj- % in 1695

Here the variations in practise were discussed and another

committee was appointeito ma.ke definite recommendations as
to the practises to be adopted. This committee reported in

1897 at the Philadelphia Meeting of the American Public

Health Association.
ii

In this report (54) they state their aim thus:The recom-

mendations thus do not indicate the previous procedures in
all details of any single member of the committee, but are
a concord of what has appeared best in the methods and tech-

nics of all the members and of bacteriologists generally. -The committee freely admits that there may be other and

better methods than those here detailed.lt has on the other
hand, striven to recommend what in the present state of our

knowledge would seem to be best and most likely to gain

-3-

a.cceptance.--It does not demand of bacteriologists in gen-

eral

— that

these and only these methods shall he employed.

It does ask that where new species pre being studied for

publication the procedure here recommended be given a fair
trial. --It publishes them in the hope that by this act it

will direct attention to the urgent need now existing for
full and accurate description of species of bacteria in

which the items have been determined by methods common to
the main body of workers, and as a confluence are capable
of verifications and control. --In a science so rapidly

developing as bacteriology, it need scarcely be said that
any attempt to present the best technical procedures can

only apply to the existing state of science;and that much

will be added and much corrected in the near future."
This report was published in 1898 and was widely used as a

standard method for laboratory procedure.
In 1899 a committee was appointed to extend the stand-

ard procedures to include all lines of investigation in-

volved in the analysis of water. They undertook to discover
the standard practise not only in bacteriological but also

in the chemical; physical, and microscopic examination of

water. Several progress reports were made by this committee*
In 1901 the committee was instructed to revise the 1897

report of the Bacteriological Committee, in order to remove
from it those features not found to be of general use, and
to include such new methods as later developement had just-

ified.
In 1905 the first volume of Standard Methods of

".Vater
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Analysis was published under the title "Report of the Commit,

tee on Standard Kethods of

Analysis to the Laboratory

",'ater

Section of The American Public Health Association. "In this
report much more prominence was given to the test for the
Escherich-Aeroba,cter group than to the test for organic matter which was determined by chemical tests. The use of tests

for Esch. coli in examining water had been first suggested by

Theobald Smith in a report, in 1893^ on the use of dextrose
broth for isolating Esch. coli. The com-iittee also stated
that with chemical methods it is impossible to separate that

portion of the organic material which is of no sanitary significance

from, that

which is associated with pollution. In

this edition, as in the 1897 report, they expressed the hope

that while a system of standard methods, if used improperly,

might slow up progress every effort should be made to con,

tinue to improve the technic of water analysis.
In 19073 it was decided that Standard Methods needed re-

vision. Two committees were appointed one for the chemical
,

and the other for the bacteriological methods. In

191?.^ a

second edition of Standard Methods(52) was published by them.

Previous to this time glucose broth had been used for the

detection of the Escherichia-Aerobacter group, but in this edition it was suggested that a lactose bile broth consisting

or

10 per cent fresh dry ox-bile, 1 per cent lactose, and

1

per cent peptone be used for the presumptive test as indicative of the colon group as a whole. The procedures recommended for testing water samples were

;

i

solation by direct plat -

ing in litmus-lactose agar for polluted waters or for

-5-

relatively pure waters a preliminary cultivation in glucose
broth followed by the same method of isolation, and identification

"by

various tests for Escherichia or Aerobacter.

In the preface (SS)thia statement occurred: "In order to

study the various bacteria of feeal origin a study has been

made of the Escherichia coli group, and this group has been
subdivided into four divisions .The Quantitative tests for
the S. coli group have been considered, and the dilution

method in fermentation tubes has been recommended. In quant—,
itative tests for general gas producing bacteria in water or
sewage the use of liver broth has been suggested, and a numberjof comparative studies set -forth in the report concern-

ing the rejuvenation of attenuated forms in this method.

Tests for B. sporogenes and E. typhi in drinking water are

considered, and the report of the conmittee ends with the

consideration of isolation of specific disease germs from

water supplies.--''.
The committee which had published the sec on

still

vras

'

edition

continued and it was understood that a revised

report should be made in about five years. The two committees

together with committees from the American Chemical Society
and thefoociety of American Bacteriologists prepared and pub-

lished the third edition in|L917. The bacteriological section
was entirely rewritten and dealt with the isolation and iden-

tification of the Escherichia-Aerocacter group only, since
the committees felt that the isolation and identification
of other species of bacteria did not come within the

province of a standard method for water testing.
The procedure given(53) for the isolation of the Escher-

ichia-Aerobacter group was: presumptive test, "by gas production in lactose broth; partially confirmed test, by develo

ment of typical colonies on Endo's or litmus-lactose agar
plates which had been streaked with a loopful of fluid
the presumptive lactose broth tubes;

fro'-

completed test,

gas production in lactose broth tubes inoculated from the

typical colonies on the confirmatory plates, by aerobic

growth on nutrient

aga,r sla.nts

inoculated from the same

agar plate colonies,and by evidence
as shown by

a.

non-spore-formation

of.

microscopic examination

m?,~'e

from the agar

slant cultures.

The following methods were given for further identi-

fication of feca.l and non-fecal members of the EscherichiaA.erobacter group:

methyl red
Voges Froska.uer

gelatin liquefaction

+

adonite f ermehtat i cn
ua liy

sacehrose

usus

indol production

+

+

f srmenta,tior
1

4-

lually usua lly

ly

t

coll
fecal

3.

.

a e

1

enes
fecal

-

B.aerof, 3. cloaca,e
enes
fecal or
nonnon-f ecal
f filial

i

In 1920 another revision of the methods was published
in which there was little change in thr bacteriological

section. In 1923 a fifth edition was published in which the

chemical section vas entirely rewritten. In the bacteriology

I
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was the eliminical section the most important modification
eosin
ation of litmus-lactose agar and the addition of
ex/pressed
methylene blue agar in its place. The, committee

rewritting.
the "belief that the whole section needed

jointly
In 19°.5 a sixth edition was published

Toy

the

lublic
American Water Wof&s Association and the .American
Association coHealth Association, with the American Chemical
edition the bacteroperating on the chemical section. In this

was basically the same
ial section was still not revised and
as in the third edition.

published. There were
In 1933 a seventh edition (54) was
a method was
several additions made: for unfinished waters

both lactose
given as standard using parallel planting in
test, with
broth and brilliant green bile for a presumptive
tests
confirmation in brilliant green bile of the positive

non-stmdarin lactose broth. In the appendix several

1

planting;
methods were given. These included for primary
broth crystal
methylene blue-erythrosine-brom cresol purple
citrate
violet broth, buffered lactose broth, and ferrocyanide
,

cresol purple agar
agar. A methylene blue , erythrosine ,brom
,

differentiation of Esebi
and a cellibiose test were given for
English
erichia and Aerobacter. Several methods used by

Bacteriologists were also included.
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False Presumptive Tests.

False presumptive tests, that is water samples giving

positive presumptive tesbs,

"but

failing to be confirmed for

the Escherichia-Aerobacter group, have lone been found in

testing waters. Originally, when glucose broth was used as
the presumptive medium there were many such false tests due
to tine large number of species of bacteria able to produce

acid and gas in dextrose broth. It was observed that there
were fewer species which could produce acid and gas in lactose broth and, therefore, lactose broth was adoptedjin 1917,
as the presumptive medium and has been used as such since

that time. During this period many false presumptive tests

have been found in analyzing water and it has been observed
that there are several other species of water bacteria beside
the Escherichia-Aerobacter group which can either singly or
in combinations produce acid and gas from lactose.

Meyer (75) found an aerobic spore-forming organism which
was able to produce acid and gas in lactose broth. He was
able to isolate this organism at least eight times from tap

wster. Ewing (9) confirmed this by isolating an aerobic spore-

bearing organism from a false presumptive lactose broth tube.
Greer (ll) (12) also found this organism in raw and chlorinated water, and infrequently in sewage. More of this type of

bacteria were found in treated than in raw waters. Hinman and
Levine (17) and Lisk (31) also have reported the finding of
aerobic spore-bearing bacilli which could produce gas from
lactose. Ginter (10) found an aerobic spore-bearing organism

-9-

which formed gas from lactose and produced a coli-like growth,

with sheen when streaked on Endo's agar. Koser and 3hint\(24)
in describing such an aerobic spore-bearing organism which
hart

been isolated by them stated that this organism greatly-

resembled Aerobacter aerogenes on Endo's or eosin methylene
blue agar plates. Hinman (16) reported that with chlorinated

water 80 per cent of the samples examined gave false presumptive tests due to the presence of spore-bearing organisms

which were, not inhibited or killed

b3^

the chlorine.

An anaerobic spore-forming organism later found to be

identical with Clostidium welchii was isolated in England.
This organism, produced acid and gas from lactose broth and

was present in both sewage and water. Winslow and Belcher
(65)

and later Greer (ll) found this organism present in

water. Greer

(l?.)

found CI. welchii present in sewage, and in

raw and treated waters. The organism was often present in

larger numbers than was Escherichia coli especially in treated
,

waters. Raab

(4?.)

reported that with treated waters 90 per

cent of the positive presumptive tests were not due to the

Escherichia-Aerobacter group and that most of the false tests
were due to 01. welchii. He even suggested that with this
type of water attention might well be given to developing
a,

test for anaerobes as an index of pollution. Spray and Laux

(51)

also have reported the finding of anaerobic lactose-fer-

menting organisms in water which was known to be contaminated
with sewage.
There are a few other species of bacteria occasionally
found in water which are capable of producing both acid and

-10-

gas in lactose broth but these due to their scarcity are of

no great importance in testing for the purity of water.
Not all false presumptives are due to bacteria producing
gas from lactose. Many false presumptive tests are due to two

species working together to produce a fermentation from

la.e-

tose which neither could produce alone. This is called synergism. Sears and Putnam (49)

found that several pairs of

organisms working together could produce acid and gas in
lactose broth. They found the following pairs produced

5

per

cent or more gas during five days incubation in lactose broth:

Staphylococcus aureus with Salmonella schottmulleri
Staph, aureus
with Proteus vulgaris,
Streptococcus faecalis with Sal. schottmulleri,
Strep, faecalis
with Sal. morganii.
They found some difference in the amount of gas with various
strains of the

sa,me

organism, some strains even failing to act

as one of a synergistic pair. In general they reported that
a

synergistic pair consisted of an acid-forming organism which

decomposed the lactose into

a.

simpler substance , and an organ-

ism which attacked this simpler substance producing gas. They

found that both organisms must be present at the same time in

Order to produce both acid. and gas.
Dunham, Lie Crady , and Jordan (8) reporting on combinations
of organise* stated that symbiotic fermentations result from

complexes which usually contain' at least one organism capable
of forming acid from lactose, Gram positive non-motile ,non,

sporing cocci ,usua.lly streptococci which grow on ordinary cul,

ture media, and another symbiout capable of producing gas in

dextrose broth but not in la.ctose.

While studying ^uropea.n Baker's Yea.st Castellani found
,

two or more yeasts present and several bacterial species

which could produce acid hut no gas in the surars employed.
These mixtures were able to produce acid and gas from many

more sugars than any of the individual species could. He
also found that taking pure laboratory cultures of the above

species and using tbem in combinations he could obtain more

active fermentations than with any one of the single speeies.
He concluded that in such synergistic combinations the most

important condition necessary was that the second organism

be able to produce acid and gas from the carbon compound,

usually glucose, which the first organism was able to form
from lactose.

Holman and Meekinson (18) reported that the following pairs
of organisms produced both acid and gas from la.ctose:

Staphylococcus aureus
Staph, aureus
Streptococcus faecalis
Strep, faecalis

with
with
with
with

Salmonella schottmulleri
Proteus vulgaris,
Sal. schottmulleri,
Proteus vulgaris.

They also found that the two species must

fee

in close assoc-

iation in the media if any synergistic results were to be
obtained. Thompson (57) and "Utter (43) both reported sym-

biotic pairs as the cause of many false presumptives . IiSitsh
(27)

studied a number of non-lactose-fermenting bacteria

isolated from water in combinations

witfe.

other species of

bacteria. He found that acid and gas were produced from lactose broth with these combinations and concluded that such

combinations were

co""jnon

in water and probably were the cause

of false presumptive tests.

Thompson (57) stated that 90 per cent of all false presumptive tests were due to the above causes; spore-ber ring
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organisms ,and symbiotic pairs. However, the other 10 per cent
were

clue

to Escherichia- Verobacter organisms being present an

giving a positive presumptive test but being lost in the proc
of confirmation. He thought that this type were by far the

most important of any of the false presumptive tests, since in
these cases the test should actually have been positive for
the Escherichia-Aerobacter group indicating pollution. Butter-

field (4) stated that in his experience the reason for false

presumptive tests was not other gas-producing organisms but
the failure of Esch. boll present in the presumptive medium
to be confirmed.

Young and Greenfield (68) found in soil stored in such a
manner that it was

rain and air, but to no other

exjjfposed to

source of contamination, that both Escherichia coli and Pseudo-

monas flourescens were present during the fall of the year.

Later in the winter only Esch. coli were found and these in
greatly reduced numbers. In the spring and early summer P3«

flourescens was again present and over grew
a test where the soil was kept

a.

thejFJsch. coli

.

In

hundred per cent saturated

with water the Esch. coli were so overgrown by the Ps. flourescens that the former could not be recovered from the soil

after a short tine. T&ey concluded that the amount of moisture

present had a great effect on the inhibitory action of Ps.
flourescens for Esch. coli growth in soils. The effect of soil

moisture may be indicated by the work of Thompson (57) and
Greer (12) who have reported the greatest number of false presumptive water tests to be during the months from October to
April, a period

of great moisture in the soil.

-13-

Greer (13) found that Pseudomonas aeruginosa tended to
overgrow Escherichia coli. This overgrowth usually occured
after 24 hours incubation, the Esch. coli being present and
active up to 20 hours incubation in lactose broth. After this
time Ps. aeruginosa often inhibited any gas production and

frequently no Esch. coli could be recovered upon transfer
to another medium. Similarly Greer found that Ps. aeruginosa

did not have any inhibitory effect on Clostridium welchii

until after the CI. welchii had produced gas from the lactose, but that then it did frequently inhibit the further

growth of CI. welchii. Hitter (43) found that Ps. floUrescens and Ps. aeruginosa, both, overgrew and sometimes masked

Esch. coli on Endo's agar plates. Lewis (30) found that in

an old sterilized culture of Ps. flourescens there was an in-

hibitory substance which when added to a nutrient broth culture of certain bacteria could easily inhibit further growth,

but that the Escherichia-Aerobacter organisms were not in-

hibited by the addition of 20 percent of this sterilized broth
culture of Ps. flourescens.

Prescott and Baker (41) discovered that the Streptococci
found in water outgrew Escherichia coli when both were incubated in dextrose broth. Esch. coli were found in 12 hours, after
this time, however, the Streptococci outgrew and inhibited
the growth of the former prganism. Winslow and Hunnewell( 67)

observed that when both Esch. coli and Strep, faecalis were
present the former was responsible for dejttrose broth fermentation, but were later outgrown by the latter organism. These

investigators also had found colonies on litmus-lactose plates

-14-

which, while they resembled Esch. »oli,wsxe Streptococci. In

polluted water they observed that these Streptococci seeded
to outgrow and kill themselves so that not nearly the number

exflpected were ever found. Greer (13)

reported that in a mix-

ture of the above mentioned types the Esch. coli were active

up to 24 hours, but were outgrown later by the Strep, faecalis,

especially when the latter outnumbered the former in the original planting.

Smith and Smith (50) reported that they found th"t Esch.
coli was able to produce acid but no gas from lactone in the

presence of Salmonella schottmulleri. In studying this inhibitory action they found that removal of the Sal. schottmulleri

organisms with kaolin or by Berkfeldt filter destroyed the in-

hibitory agent in the broth, and that the addition of the organisms left on the filter to a fresh lactose broth culture of
Esch. coli had no effect on the growth of the latter. Heat also destroyer! the inhibitors'" agent.

It had been reported that when bc'th Clostridium welchii

and Escherichia coli were present in lactose broth, the ^ormer

outgrew the latter giving a false presumptive test. Greer(l3)
found a great variety of results when these two types were

both present in lactose broth. He concluded that the final
result depended on several factors: the number of organisms

present in the inoculating material, the age of such material,

variations in strain, and the relative aerobic or anaerobic
conditions. Greer also found that Esch. coli consistently out-

grew any aerobic lactose-fermenting, spore-bearing organism.
,

Thompson (57) suggested that the Escherichia-Aerobacter

-15-

group might be present and yet not be conf ivmed^zo

its own

production of sufficient acid the bring the pH to a point
lower than the lethal pH for the group.
In spite of all the results obtained and investigations

carried on, false presumptive tests are still a great problem and experiments are being conducted to find out still more
definite facts about these false tests and to provide some

means of eliminating more of them. Various investigators have

suggested many media to be used for this purpose. Immediately

following is a hi stoical review of some of the media recom-

mended for water analyses.

Media
Brilliant gr een bile: Bile and bile salts were early

used,

in an attempt to find a medium which would differentiate be-

tween the colon bacteria (Escherichia coli and Eberthella

typhosa

).

IlacConkey in an article

(.33)

published in 1908

stated that bile salts were first used injl889 by

Eh.,

Lim-

bourg who used the sodium salt of cholalic acid in a peptonepancreas extract medium for the study of feces. In the same
article MacConkey mentioned that Leuberscher in 1890 first

used pure bile and found it a good medium for Salmonella
schottmulleri
In this early period theimwere many conflicting results

obtained, but nearly all investigators found a bile medium

good for growth or isolation of E. typhosa.. A medium that was

often used in these experiments was that of MacConkey

which consisted of
taurocholate

,

2

1

(

3

)

,

per cent glucose, 0.5 per cent sodium

per cent peptone, and water. Jordan and co-

w©rker#(22] published an article on the typhoid organism in

which they concluded that the modified MacConkey 's medium
used by them for isolating the organism from sewage was good
for this purpose, but that it also had no restraining action
on the ordinary sewage bacteria.

Jackson [20) was one of the first in this country to use
a lactose bile

medium for water analysis work. He found that

most species of bacteria other than the Escherichia -Aerobacter group were killed or inhibited in this medium. By tests

he proved that the cholic acid radical was the agent responsible for this inhibiting action. Therefore, he concluded that

-17a concentration of sodium glycocllbolate egual to the concen-

tration of this salt in fresh bile was necessary to make an
efficient medium. Previous to this erroneus results had been

obtained using "Smith Solution" which consisted of broth

and

sodium taurocholate. In heavily polluted waters the Esch. coli
were over grown by other bacterial species. Jackson concluded
that these results were due to the low concentration of bile
salt. He found that with his own medium which consisted of

1

per cent lactose and bile salt in the same concentration as
in fresh ox-bile all tubes containing 25 per cent gas were

positive for Esch. coli, and that no mixtures of organisms
except those containing "sch.ccli gave as high as 20 per cent
gas. Therewas no overgrowth of the Escherichia-Aerobacter or-

ganisms by other species in this medium.

Sawin (48) corroborated Jackson's results finding that with
the lactose-bile medium

the percentage of gas

wa.s

about 39

per cent whenever Escherichia-Aerobacter organisms were present and never that high in their absence. Sawin, a,s did other

early investigators , tried to determine for each bacterial

species a definite percentage of gas which would hold for the
one species only. The value which he tried to show was specific

for Esch. coli was 3° per cent.

Others did not agree with the findings of Jackson. \Veston

and Tarbett (63) found that a lactose-bile medium was little

better than the dextrose broth which was standard at

They found in studying

ra^v

tiie

time.

and unfiltered water that 24 out

of 63 sa.mples were positive in dextrose broth and negativein lactose-bile broth. However, of these only 30 per cent were

-18at all like Esch.

plates.

coli on li tmus -lactose agar confirmation

Weston and Tar"bctt concluded that rlucose was not

as specific as the lacto se- bile broth, hut that the lactose-

bile broth might inhibit some coli -like forms..
The investigators in the period up to 1912 agreed for
the most part that gas formation in lactose-bile broth was
a more definite proof of the presence of coli

formation in dextrose broth.

than gas

In the 1912 edition of Standard

Methods (52) a lactose-bile broth was recommended as the
standard medium to be used as a presumptive test for the
colon group as a whole.
Some workers still pointed out that there were less gas-

formsrs recovered with the lactose-bile broth than with plain

lactose broth.

It was also suggested that with a bile agar

less Escherichia coli were found than with the standard lit-

mus-lactose agar.

In 1913 Jordan (21)

found that from one

third to one half of the viable Esch. coli were inhibited
by fresh ox-bile added to lactose broth or to nutrient agar,

the amount of inhibition varying with the strain of Esch. coli

and the type of bile used.

He found no difference in in-

hibition between attenuated and fresh strains, thus disproving
some contentions that the Esch. coli inhibited were weak,

attentuated forms of no sanitary
that, while bile inhibited

S3

significance.

me Esch. coli,

25,5

He did find
gas pro-

duction in lactose-bile broth was an almost positive proof
of their presence.

Following this there were many investigators who obtained irregular results when using lactose-bile media.

-19-

Obst

(39)

decided that the freshness of the bile accounted

for some of these irregular results.

carefully collected and held at

used after one weeks storage.

I

C

C.

She found that bile

could not safely be

Dried bile was found to be ex-

pensive and to vary in composition.

She concluded that a

plain lactose broth was much easier to obtain and was equally
efficient.

She found that more gas pro ducking organisms,

(especially at

hi gh

dilution, were isolated

wl

th lactose

broth than with lactose-bile broth.
Bunker (3) stated that with relatively pure waters, containing few Esch. coli, the organism could be recovered from
lactose broth containing 10 per cent bile,
2

per cent bile, and no bile.

coli could be obtained

containing no bile.
opposite

wa.s

ov

5

per cent h'ile,

Upon storing the water, Esch.

er a longer period from the medium

In heavily polluted waters the exact

true, Esch. coli recovery after storage of the

water being best in the 10 per cent bile-lactose broth.

He

concluded that with gross pollution lactose allowed overgrowth of Esch. coli by other strains and was not suitable
for such waters.

However, with slight pollution lactose

broth gave a much more delicate test for Esch. coli than the

lactose-bile broth did.

He used a weak dilution

cf

bile

since he believed that the dilution to be most effective

would be that found normally in the intestines.

He concluded

that both bile and lactose should be included in the pre-

sumptive test.

Nevertheless, due to the great number of experiments in

which lactose was found to give a greater number of gasformers than the lactose-bile broth, the third edition of

Standard Methods (53) recommended the use of plain lactose
broth in the place of lactose-bile broth.

Following this the use of bile was still carried on
experimentally by many workers.

A Japanese investigator,

Eoyania, (25) brought out the idea that bile from different
animals had different effects.
effect on the growth
(44)

of

He found ox-bile had no

Esch. coli cr L. typip 06 a.

Ritter

confirmed Bunker's work that the use of both lactose

and lactose-bile was efficient in identifing Esch.. colii

acid and gas- producti on in both lactose broth and lactosebile broth was confirmed as caused by Esch. coli in 75 per
cent of all cases, and 97 per cent of the cases where the gas
tubes were positive in 24 hours.

Salter (47) found that Esch. communior was stimulated
by use of 0.5 per cent less bile salts but the same organism

was inhibited by a higher concentration up to

1

per cent.

He also found that the type of bile salt used, and the variety
of bile, altered the results.

This would tend to explain

many of the earlier conflicting results.

Levine (29) sumed up the previous work thus:

"I.. Lac-

tose-bile is a more reliable presumptive test but a greater

proportion of the colon group may be detected in preliminary
enrichment in lactose broth.

2.

If the proper concentration

of bile salts could be determined, the bile medium would

probably be preferable.

For the present, considering the

difficulty of obtaining bile of constant composition, or

-21the chemically pure salts, and in view of our insufficient

knowledge as to the optimum concentration of bile salts, it
seems best to employ lactose broth since a more uniform med-

ium may thus be obtained in different laboratories. It is

very probable that if a standardized evaporated bile were
available a concentration of

1

to 2 per cent in lactose pep-

tone water would be superior to lactose broth.

"

Previous to this various investigators, Hall and El-

lefson (15), and Bronf enbrenner and co-workers (2) had suggested the use of various aniline dyes to make the media more
selective. These investigators had used gentian violet and

rosolic acid. In 1916, league and Churman (56) used brilliant
green, the commercial salt of tetraethyl-diamine-triphenyl-

carbinol, in a medium for inhibiting Esch. coli and isolating

Eberthella typhosa. They found that brilliant green in 1/3000
per cent concentration added to nutrient agar made a good

medium for E. typhosa, and that some Esch. coli strains grew
on this medium. Salter (47) found that a concentration of

1/6000,000 to 1/10,000,000 brilliant green inhibited Esch.

communior to some extent but not wholly.

Muer and Harris (36) used brilliant green lactose bile
as a presumptive test for water. They found that a dilution

of 1/10,000 of the dye prevented growth of Clostridium welchii,
CI.

sporagenes, and several other anaerobes, but had no res-

training action on Esch. coli. They found that Esch. coli was
not entirely inhibited by a dilution of 1/200, but was com-

pletely inhibited by a dilution of l/lOO. They found Esch.
coli in more cases with brilliant green lactose bile than

with plain lactose broth.

Colonies isolated from this

medium were nearly pure Esch. coli.

nev?

brilliant gve&n added

to lactose broth -without bile made a very unsucces3ful

medium for isolating 3s ch. coli.
5

per cent ox- gall

,

1

p«J?

Their medium consisted of

cent peptone,

1

per cent lactose,

and 0.1 per cent brilliant gr^en.

Winslow and
5

lie

1 off

(35)

found that a medium containing

per cent sodium chelate, wan more

fgtrci:abl.e

broth since more gas was formed at all the
(5-8)

pll

than lactose

valves employed

in 24 hours in the bile than in 48 hours in plain

lactose broth.

Thsy tested the toxicity of ^entian violet,

rosolic acid, and "brilliant green.

In lactose, brilliant

green was toxic in a dilution of 1/100,000 to l/l ,000

,000-.

In lactose bile, this extreme toxicity was lost and l/lOOO

dilution of brilliant green was toxic to most of the---Escher-

ichia-Aerobacter group and l/lOO to Aero%eerogenes

u cCrady (lc) found that brilliant green lactosr bile
broth inhibited practically all spore-forming bacteria but

"

was not as sensitive in detecting all of the Escherichia-

Aerobacter group as lactose broth.

Jordan and

IffcCrady

(8)

found that the use of a 1/10,000 brilliant green lactose
bile as

a,

conf irmatory medium eliminated the need of using

the Endo plates.

Lactose broth gave more presimrptive tests

but a much lower percentage of confirmations than the

brilliant green lactose bile.

The latter medium inhibited

some weak Esch. coli but also did away with the need of many

Endo pla.tes by eliminating false presumptive tests due to

spore-forming bacteria.

'

Kost of the later workers who have used this medium
have reached similar conclusions.
brilliant green

that:

Mle

Kale (14) stated similarly

eleninates all aerobic and nearly-

all anaerobic spore-forming organisms, 12 per cent more tubes

were confirmed for lactose broth than for brilliant green bile,

brilliant green bile was specific for Escherichia -ftrrobacter
in relatively pure waters, but not so specific in highly

polluted waters.

He recommended the use of brilliant green

bile in water work, stating that in raw and polluted waters
it

eleminates attenuated forms of Escherichia-Aerobacter

group which he considered were of no sanitary significance,
and that in pure waters

it

is very specific for the Escher-

ichia - K e r o b a c t e r group.

Jordan (^3) reviewed the whole situation.

He concluded

that
1.

Lactose broth was too nonspecific.

2.

brilliant green bile was specific but not too

selective
3.

but in

1

Bile was inhibitory in 10 per cent concentration

to 2 per cent concentration it accelerated Escher-

ichia- Acrobacter ^roup.
4.

Brilliant green bile made a specific medium

the Escherichia-Aerobacter group, while

''

fcr

Was inhibitory

for many other tyjjes od water bacteria.
•

He suggested for water work a parallel" planting into both

lactose broth- and brilliant green bile for a presumptive
test, and the 'planting of all' lactose positive tests which
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were "brilliant green negative into secondary brilliant green
bile tubes for confirmation. KcCrady (23) in criticising this,

stated that he considered a primary planting in lactose broth
with confirmation in brilliant green bile would be

better

ja

test for the Sscherichia-Aerobacter group.

As a result of all this study with brilliant green bilu,
the 1933 edition of Standard Methods (54) included it as a

medium which can be used
''unfinished waters'

,as

outlined by J or dan

( ;"•:.")

,

for

1

.

Parr and Caldwell (40) using a dilution of 1/75,000 of

brilliant green with

2

per cent bile found that brilliant

green bile in comparison with lactose broth gave fewer positive presumptive tests but a greater per cent of the presumptive tests were confirmed. Contrary to other investigators,

they found that brilliant green bile did not inhibit anaerobes.

Butterfield (4) disagreed with most of the previous
findings. He reported, usinr, t>e same medium as Parr and Caldwell, that 16 per cent less Esch. coli were recoverd than

were recovered with lactose broth. In effluent waters the per
cent of "Ssch. .coli lost went up to 60. In the parallel plant-

ing method of Jordan therew^s only

tween the two media, but

this"

5

per cent difference be-

varied greatly with the source

of the water. He also disapproved of

tv e

parallel planting

method because it confirmed the Escherichia-Aerobacter ^rouu
with the use of only two characteristics, namely the production of acid and gas from lactose in the presence of bril-

liant green

and bile, while Standard Procedure uses four
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chara.cteristics: non-spore -formation, aerobic growth, and the

fermentation of lactose with the production of acid and gas.
Ruchhoft and co-workers (45) found that brilliant green
bile as a confirmatory medium was as efficient as eosin

methylene blue agar. 'Vinslow (64) concluded a review of this

medium by stating that on the average it gives about 4/5 as
many positives as Standard

Jv.ethods.

It gives more positive

results mi%h the more polluted waters and fewer with less

polluted waters. He considered that

,

while brilliant green

bilegives results which differ from those obtained with Stand*
ard Methods, these results may give a more accurate estimate
of the pollution.

So far the use of bile in water works practise has not

brsn very sucessful,, but with the addition of brilliant green
to lactose bile, the medium which had previously been considered

best, it has seemed to be quite selective but not too selec,

tive, for the Escherichia-Aerobacter group. Since

its'

add.«-

ition to Standard Methods investigators have again begun to
study it critically to see if they can either find it to be
the best medium so far known for Escherichia- 'verobacter deter-

mination, or else show that it is not reliable and can again
discard it.
Domini ck_anrl JLauter

;.

Salle

(

46) 4 in!929, re ported an agar

which he hac used. This was a lactose agar to which had been
1

added erythrosine, brom cresol purple, and methylene blue.
The amount of lactose was so limited that while the re was

enough to satisfy the Escherichia coli organisms, there was
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not enough for the Aerobacter aero -enes or:;anisras.The Esch.
coli attacked the lactose and produced a color change with
the brom cresol purple, from purple to orange or yellow, and

also a metalic sheen. Secause of the limiting amount of lactose the Aero, aerogenes could not produce these color changes.

Later in the same year Dominick and Lauter reported on
a fluid

medium containing the same materials. They were search-

ing for a medium whose use would be less time consuming than

Standard h'ethods but as accurate. They found that the Aero,
,

q.erogenes group ."ere responsible for the presumptive tests

which were not

confirmed and caused useles- labor and a waste

of time. They tried a methylene blue- erythrosine-brom cresol

purple broth and found that the results were accurate there
,

being 100 per cent correlation between the confirmed lactose
tubes of Standard Methods and the presumptive tubes with t&eir

new medium. Dominick and Lauter found that both, their medium
and brilliant green bile gave results in the presumptive test

comparable with the confirmed test of Standard Methods. They
sugcested the use of this methylene blue erythrosine
,

cresol purple broth as

a.

,

brom

completed test which, needed no con-

firmation.
La.ter workers tried to use it as a substitute for lac-

tose broth in the presumptive test of wat
(26)

v

analysis. Leahy

compared, it with Standard Kethods lactose broth and

found that 93 per cent of the positive presumptive teste in

Dominick and Lauter medium -ere confirmed as "^schBrrichia-Aerobacter, while only 67 per cent of the positive presumptive

lactose broth tubes were confirmed. With the Dominick and Lauter medium all positive presumptive tests -vere obtained in

-2724 hours, while with the lactose broth many positive presump-

tive tests were delayed to 48 hours. Howard (19) compared the

Dominick and Lauter medium with brilliant green bile and with
lactose broth. In raw waters there was no difference between
the media as ti the per cent of tests confirmed. In filtered

waters lactose broth gave slightly better results. In chlorinated waters lactose broth gave a lower per cent of positive

presumptive tests, but a much lower per cent of confirmed
tests, than the Dominick and lauter medium. Knolte and Kramer
(38)

found in a similar study that the Dominick and Lauter

medium was very superior in

"

finished waters

",

superior in

filtered water, and nearly the same as lactose broth in raw
waters.

Butterfield

(4)

stated that, while most of the previous

reports had been favorable, he found the Dominick and Lauter

medium to be very unsatisfactory since it inhibited many Escherichia-Aerobacter strains in all of the water dilutions
except the lowests. Stewart (55) at nearly the same time re-

ported that this medium gave an accurate presumptive test in
24 hours and also a partial confirmation because of the color

change and was, therefore, a time-saving medium.
In spite of the fact that this medium was still the subject of much controversy, it was included in the 7th, edition
of Standard Methods (54) as a non-standard medium. In 1934

Lauter (64) stated that, in an effort to save time and expense
he had been using this medium for a period of nearly

5

years

as a supplement to Standard Methods in testing filtered water.
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He found by confirmation with Standard Procedure that 99 per
cent of all positive presumptive tests in the Domini ck and

Lauter medium were confirmed and that most of these presumptive tests were positive in 24 hours. The test could be com-

pleted with 99 per cent accura.cy in 24 hours with the use of
onl3^

the one medium. Re recommended the Dominick and Lauter

medium as a direct inoculation medium, especially for filtered
waters

K acConkey.'s

bi le sal t agar : L'acConkey (32), in 1905, pub-

lished the formula for a bile salt medium which he used to
stimulate the growth of Toerthella typhosa. This consisted of
1

per cent glucose, 0.5 per cent sodium taurocholate ,and

2

per

cent peptone in distilled water. Ee used this as a fluid med-

ium and by adding agar made a plating medium. In 1907, he (33)

reviewed the previous use of bile salts in media, and reported
that most investigators had found bile salts to be stimulating
to E.

typhosa and other bacteria characteristic of fecaljpol-

lution. He also mentioned that Conradi.-had found that a

nutrient substance and a simple solution of bile salts made
a godd medium for the growth of Escherichia coli. KacConkey

had been experimenting with bile and bile salts since 1?97,
when he had originated a bile salt-potato juice medium, ^ron
this medium he had developed a bile salt-suga.r( lactose or

glucose

)

broth and suggested this as an efficient meditim for

testing for fecal pollution in water. In 1907 he reported the
formulae for a bile salt- lactose agar and a glucose-bile
salt solution, both similar in competition to the formula al-
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ready given

He explained that acid production from the lac-

.

tose by the Escherichia-Aerobacter organisms caused a precipatatiorijof the bile salts,

thus forming a haze around each col-

ony. He later modified this lactose-bile agar by adding neutral

red as an indicator, since Grunbaum and Hume had pointed out
that|the neutral red indicator showed the acid-producing col-

onies better than did the haze of precipatated bile salts.

MacConkey found that no bacteria characteristic of $ecal
pollution were inhibited by this medium, but that soil and air

bacteria wer

7
J

in general inhibited. Eberthella typhosa, Sal-

monella schottmulleri , and Escherichia coli grew well, but
Streptococci often found in polluted waters varied in their

ability to grow on this medium.

Salter (47) confirmed MacConkey'

s

results by finding that

Escherichia communior was stimulated by the use of^l per cent
to 0.5 per cent of bile salts, but was inhibited by higher

concentrations of the
salts used.

salts.

This varied with the type of bile

Mac Conkey's bile salt agar is still used in

England and is included in the last edition of Standard
Methods of water analyses as an example of English water
works practice.
The above media depend for their effectiveness upon the

addition of substances either stimulating to the Escherchia-

Aerobacter group, or inhibiting to other common water species
of bacteria.

A second group of selective media suggested for

water analysis consisted of synthetic media in which the
sources of nitrogen and carbon were simple substances.
type of medium inhibited many species of water bacteria.

This

-30T onney and Noble;

In 1918 Ayers and Rupp

suggested

(l)

a synthetic plating agar consisting of 1 per cent lactose,

Q.4 per cent sodium ammonium phosphate, 0.2 per cent acid

potassium phosphate dissolved in distilled water, and used
in equal portions with a 3 per cent agar solution.

basie fushsin as an indicator of acid production.

They used

They found

that the Escherichia-Aerobacter species and a few molds were
the only organisms that would grow on this medium.

The molds

were not at all similar to the Escherichia-Aerobacter colonies.
They concluded, therefore, that their medium was very specific
for the Escherichia-Aerobacter group and they used it in work-

ing with water samples since they believed that this group

could use mueh simplier substances as sources

nitrogen than could the other water organisms.
confirmed the results of Ayers and Rupp.

of

carbon and
Cannon (5)

He found that their

medium was very specific for the Escherichia-Aerobacter group
and was very good for determining the number of Esch. coli

present
In 1928 Noble (37) suggested a new synthetic medium, his

so-called f errocyanide-citrate agar.

This consisted of the

same ingredients as the Ayers and Rupp medium with the ad-

dition of ferric citrate and potassium f errocyanide.

He used

this medium for making direct counts of the Escherichia coli

and Aerobacter aerogenes organisms present in water.

He pub-

lished several favorable reports on his progress with the use
of this medium.

Beginning in 1931 there appeared a series of articles by

Tonney and Noble giving results obtained with this medium and
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raodif ications of it.

In using the medium for direct plating

of water they found that the typical colonies, when studied
by comparison with other tests such as the methyl red, Vogesw

Proskauer, sodium citrate, and eosin methylene blue agar, con-

sisted of only Esch. coli and Aero, aerogenes organisms. As

used for a direct counting method this medium shortened the
time and labor in determining the purity of water.

From results of their investigation, Tonney and Noble
(59)

reached the conclusion that Escherichia coli were from a

definitely fecal source while Aerobacter aerogenes were more
likely to be from a non-fecal source. In another study they
(60)

discovered that in the cases observed, Aero, aerogenes

increased in water at a much faster rate than Esch.

«roli.

Since on the f errocyanide-citrate agar the two types could be

differentiated, Tonney and Noble concluded that it was a very
efficient medium to be used in water analysis. It is interesting to note that in these experiments the work of early inves-

tigators was also confirmed by finding that the Escherichia-

Aerobacter group were of the most sanitary significance of
any of the species of water bacteria since they survived longer than any other water types.

In 1932 Tonney and Noble (61) corroborated their earlier

findings by showing that water giving a high Esch. coli count
on their medium came from, a badly polluted source, as shown

by a sanitary survey, while water giving a low Esch. coli but
a high Aero,

aerogenes count showed potential or past pollu-

tion but no heavy pollution at the time of sampling. Levine (28)
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also emphasized the importance of differentiation between
Esch. coli and Aero-aerogenes because he considered the

former but not the latter to be of definite fecal source.

Other workers did not agree with Tonney and Noble and

many obtained different results.

Hale (63) stated that he

found there was as much proof for the importance of Aero,

aerogenes in a test for pollution in water as had been
offered against its importance by Tonney and Noble.

He,

therefore, did not recommend the differentiation of the two
sections of the Escherichia-Aerobacter group.

He also found

even if such differentiation were advisable that the fer-

rocyanide-eitrate agar was no better than Endo's or eosin-

methylene blue agar for separating Esch. coli and Aero,
aerogenes.

Nolte and Kramer (38) found in a comparison of

three media that the Tonney and Noble medium was not good for

raw water containing few organisms, and that with "finished
or unfinished waters" it was the least efficient of the three

media used.

Many other workers have found it difficult to

prepare this f errocyanide-citrate agar to differentiate between the Esch. coli and Aero, aerogenes colonies upon the
medium.

Ruchoft and associates (45) used the f errocyanidecitrate agar for direct count of the Escherichia-Aerobacter
group in water and found that while this count was slightly
lower than the count obtained by Standard Methods , (Phelps
index),

it was very satisfactory and gave reliable results.

The Tonney and Noble medium is at present given in Standard

Methods of Water Analysis (54) as one of the non- standard
methods for use in water analysis or in research work.
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EXPERIMENTAL
Media and Methods
The media used in this study were lactose broth, eosin

methylene blue agar, and Endo's medium of the Standard Methods,
the Dominich and Lauter medium, brilliant green lactose pep-

tone bile, the f err^ocyanide citrate agar of Tonney and Noble,

and MaeConkey's bile salt agar.

The Brilliant green lactose

peptone bile and Dominick and Lauter medium were prepared

according to the directions given in the 7th edition of Standard
Methods of Water Analysis^ 54)

;

the MaeConkey's bile salt agar

according to the formula in the Manual of Dehydrated Culture

Media and Reagents (34); the ferrocyanide citrate agar according to directions given by Tonney and Noble in the Journal of
the American Water Works Association (58).

The composition of

the media follows:

Lactose Broth
beef extract
3 gm.
™
peptone
5
"
lactose
5
Distilled water
1000 ml.
"
brom thymol blue (alcoholic sol.)
5
Tube in 7 ml. amounts in fermentation tubes and sterilize at 15 lbs. for 15 mi.
The brom thymol blue solution was added in order to note the
change in pH va. ue in the medium during incubation.

Endo's Agar
dibas»ic potassium phosphate (KjHPO^ 3.5 gm.
"
peptone
10.
"
lactose
10.
"
agar
15
distilled water
1
liter(used 500 ml)
Tube in 100 or 50 ml. amounts in Blake bottles and steriliked at 15 lbs. for 20 mit». At time of use tcjevery 100
ml. of double strength agar add 100 ml. sterile distilled water, 0.5 gm. sodium sulfite (anhydrous), and
1 ml. of a 10 per cent filtered alcoholic solution of
basic fuchsin.
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Eosin Methylene Blue Agar
peptone
10 gm.
dibassic potassium phosphate (K^HPO,.) 2
H
agar
15
lactose (20% sol.)
50
eosin
aqueous sol.)
\2
20
methylene blue(0 .5% aqueous sol.)
20
distilled, water
1000
Place in Blake bottles in 150 ml. amounts. Sterilize
at 15 lbs. for 20 mill.
r

..

Brilliant Green Lactose Peptone Bile

peptone
10 gm.
"
lactose
10
distilled water
500 ml.
dehydrated ox-bile
20 gm.
distilled water
200 ml.
Disolve the peptone and lacttose in the 500 ml. of water
and disolve the ox-bile in the rest of the water.
Add the two solutions to each other and make the
volume up to 975 ml. Adjust the pH to 7.4 (this was
usually quite acid and NaOH was added to bring the
media this pH value). Add 13.3 ml. of a 0.1 per cent
water solution of brilliant green and make the total
volume up to 1000 ml. Tube in 7 ml. amounts and
sterilize at 15 lbs. for 15 mi*.

Methylene Blue-Erythrosine-BromCresolPurple Broth of
Dominick and Lauter
7.5 gm.
lactose
"
32 5
peptone
1.25 »
beef extract
"
3.6
dipotassium phosphate(KAHP0i<.3H v0)
"
(KH^PO^)
.5
phosphate
acid potassium
0.01 "
erythrosine
0.616"
brom cresol purple
0.025"
methylene blue
distilled water to make one liter
If less than 1 ml. is used in inoculating dilute this
medium to 1600 ml.
Tube in 10 ml. amounts and sterilize at 15 lbs. for
15 mi>t. In actual practise a 1 per cent water solution
of the dyes was made and 1 ml. of 1% erythosine, 1.6
ml. of 1% brom cresol purple, and 2.5 ml. of 1%
methylene blue used.
.

MacConkey's Bile Salt Agar
ox-bile
lactose
peptone
agar

5

10

20
15

-35-

MaeConkey's Agar (cont'd.)
neutral red
0.05 gm.
distilled water
1 liter
The pH should be adjusted to 7, before the neutral red
Tube in Blake bottles in 100 ml. amounts
is added.
and sterilize 20 mit\. at 15 lbs. In actual practise
a 0.5% water solution was made and 10 ml. of this
neutral red solution used.
Ferrocyanide-citrate Agar of Tonney and Noble

Stock agar
A specially prepared agar made by Digestive Ferments
Company was made up to a concentration of 1.75% distilled water. This according to their directions
should be run into sterile cotton plugged bottles and
sterilized in the Arnold for 15 miu. In this work the
distilled water was sterilized in a flask in the autoelave for 15 min.at 15 lbs. ¥hen ready for use the
proper amount of agar to make a 1.75% solution was
added and the whole placed in the Arnold for 15 mi^a*
After being sufficiently cooled the agar was used immediately.
Solution "A"
1 liter
anhydrous sodium sulphite (Na^O*)
acid potassium phosphate (KHjP0«|)
sodium ammonium phosphateCUaHlt^H^H^O)
Sterile distilled water
20% lactose, sterile
basic fuchsin (10 gm. in 100 ml. of
95% alcohol)
0.625% potassium f errocyanide sterile
(k f4;n ; 4 .3h^!>)
v
This solution will keep for four days if
Solution "B"

4.6
16.8
50.4
170.0
420.0

8.4

gm.
"
"

ml.
"

11

,

:

»
400.0
kept on ice.

1.11% ferric citrate, sterile.
This will keep at room temperature except for evapoSterile in these solutions means heated in
ration.
In actual
an Arnold sterilizer for 15 mi -n. only.
the
sterile
the
water
for
various
solutions
practice
flasks
and
sterilized
out
into
small
measured
was
This was
in the autoclave for 15 miKuat 15 lbs.
stored at room temperature for not over three days
before use. Then the lactose, potassium f errocyanide,
and ferric citrate were added to their respective
flasks and heated in the Arnold for 15 min.At time of using, 9 ml. of Solution "A" should be added
to each 100 ml. of melted agar which has been cooled
Then 3.6 ml. of
to 75*c. and the whole agitated.
solution "B" should be added. In this work, approximately 500 ml. of the agar was used at one time. This
was all made in one flask and proportional amounts of
Then the agar was further copied
"A" and "B" added.
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and used immediately.
In plating with the Tonney and Noble agar, 1 ml.
of a suspension of the organism and 5 ml. of sterile
distilled water were added to each petri dish. Then
approximately 16 ml. of the agar was added and the whole
thoroughly mixed. Then the agar was firm about 5 ml.
of a melted 1.75$ solution of the special stock agar
was poured over the surfaee of the plate to form an
agar cover.
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0rganism8 Employed
The organisms employed in this work were:

ten strains of

Escherichia coli, isolated from feces; ten strains of Aerobacter aerogenes, and one streptococus faecalls, isolated from
water; three strains of Esch. acililactici
tana, two Aero. cloacae

,

,

one Esch. neapoli-

one Aero, oxytocum, eight Staphylococ-

cus aureus, three Staph, albus

,

two Staph, citreus, two Micro-

cocci, three Chromo. bacteria, three Pseudomanas aeruginosa and
one Ps. flourescens, two Proteus sp%ies, four Salmonella schot-

tmulleri, one Alcaligenes faecalis, all from the stock collection
of the Department of Bacteriology and Physiology, Massachusetts

State College.

The complete list follows:

Staphylococcus aureus

# 51

M. S. C.

#52

Yale phage susceptible

#53
#54
#55

Walker Yale

#66

Brown

#60

#57

Brown

#60A.

#58

Valley Yale

#59

M

#60

M. S. C.

#61

Brown #61 A

#62

Brown #62 U

#63

M. S. C.

#65

A.

#66

Bradley

Serratia Marcescens

#88

M. S. C.

Flavobacterium aurantiacum

#90

M

Staphylococcus albus
ii

ti

it

it

Staphylococcus citreus
ii

ii

Microccus flavus

.

S

.

ffi.

C•

N. H.

(

"

varians

•

S

.

C
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Chromohacteriuin violaceum

#91

M. S. C.

Pseudomonas aeruginosa

#94

M. S. C.

#95

Iff.

#96

White Delaware University

#97

M. S. C.

#134

Stiles

#136

Clague

it

"

ii

flourescens

Escherichia acidilactici
ii

n

II

!l

"

neapolitana

Aerobacter cloacae
ii

ii

"

oxytocum

Prtoeus americanus
"

vulgaris

Salmonella schottulleri

S.

C.

#137
#139

A.

#146

Jordan

#147

A. T.

#151

Mac linn

#152

Yale

#153

Hi s. c.

#166

N.Y.C. Board of Health

T.

C.

C.

*
ii

ii

#167

M. S. C.

ii

it

#168

Bradle y

ii

n

#170

Conn. State

Alcaligenes faecalis

#192

M

Streptococcus faecalis

#200

from water

Escherichia coli

#1- # 10

Aerobacter aerogenes

#101- # 110

•

S

•

C

•

all fecal
all from water.

1

Y»

~

Methods of Inoculating Media
In these experiments fresh (l8-24)Hour) agar slants

inoculated from stock cultures were used as a source of
inoculum.

In most cases a fairly heavy suspension of the

organisms was made in sterile normal saline.

Endo's plates

were streaked with a small loop of the saline suspension.

With the poured Tonney and Noble plates dilution of the
suspension were made.

With the pure cultures, one

4 mm.

sd.

ine

loop

from a hundred ml. saline suspension (made by adding a bit of
the culture on an inoculating needle to 100 ml. of sterile

saline) was added to a 100 ml. water blank and

1

ml. of the

With the mixed cultures 0.5

latter used to make the plate.

ml. of a saline suspension of each culture was placed in a

sterile test tube and one small loop of this mixed suspension

added to a 100 ml. water blank, and

1

ml.

of this was used to

make the plate.

With the MacOonkey's agar a loop of the saline suspension
of the pure single cultures was used.

With the combination of

organisms a loop of the mixed saline suspension (described above)

was used.

With the fluid media a small amount of the saline suspensions was added by

measured in drops.

m»

ans of a

1

ml. pipette.

This amount was

In the single culture studies, three drops

were added to each tube.

With the culture combinations one

drop of the suspension of each culture used was added to each
tube.

Three drops were approximately equal to 0.25 ml.
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Part

I :Pure

Cultures

.

The list of organisms previously mentioned contains cer-

tain species which could possibly be confused with members of
the Escherichia-Aerobacter group in the presumptive test for
the group, as well as certain species which have been reported
in the literature as being able to cause inhibition of the

tests for the Escherichia-Aerobacter group, and certain non-

members of the group which, when grown in symbiosis have been
,

responsible for false presumptive tests in water analysis. The
object of the experiment here reported was two-fold

:

first,

to observe the ability of certain media to eliminate inter-

fering organisms; and second, to observe whether certain non-

members of the Escherichia-Aerobacter group could be
confused with members of the group in any of the media
employed.

Each of the strains listed was inoculated into each of

:

the media in the manner described above. Incubation was for
24 and 48 hours at 37*C.,at which time results were recorded
as shown in tables 1 and 2

.

The strains of one species did not

vary from each other except in intensity of reactions; as for
example, strains 57 and 58 of Staphylococcus aureus were able
to produce as vigorous growth on MacConkey*s agar in 24 hours
as other strains of this organism could in 48 hours. Therefore,

the results of the various strains of each species are combined
in the tables and^nly

Analysis of tables

1

one reaction is given for each species.

and 2 show the following data:

Lacto se broth: The medium supported the growth of all organisms in 48 hours, as was to be exspected, although several

-41species, not of the Escherichia-Aerobacter group, failed to

show evident growth in 24 hours. Aside from the Escherichia-

Aerobacter group, Streptococcus faecalis was the only organism whi«h gave gas and which growing alone would give a false

presumptive test. Aero, cloacae and Strep, faecalis redquired
48 hours for the production of gas.

Brilliant green bile; This medium did not support the

growth of any Staphylococci or Micrococci. In 48 hours there
was some growth with some strains of Staph, aureus. Only members of the Escherichia-Aerobacter group and Strep, faecalis

produced gas. Gas production by Strep. faecalis and Aero, cloacae
was delayed to 48 horcrs.
The Domi nick and Lauter medium: This broth failed to sup-

port any growth of Staphylococcus citreus, Micrococcus varians,
Micro, flavus

.

Only members of the Escherichia-Aerobacter

group and Strep, faecalis produced gas. There was no gas pro-

duction with Aero, cloacae in 48 hours. Endo's agar plates
streaked from the negative Dominick and Lauter' s broth tubes
showed that the organism was present, but was inhibited from

producing gas.
In the brilliant green bile and the Dominick

and.

Lauter

broth the failure of growth was verified by streaking on agar
slants after 48 hours incubation. Occassionally slight growth

was obtained indicating that failure to grow on the two former

media had been due to inhibition of the organisms, rather than
to their complete destruction.
.

Endo's medium; Reactions of the Escherichia-Aerobacter

gropp were apparently normal except that Aero, oxytocum resem-

bled Escherichia rather than Aerobacter. Strep, faecalis and

-42Alc. faecalis resembled members of the Eseherichia-Aerobacter

group, and at 48 hours Salmonella schottmulleri ,Serratia marcesns, Pseudomonas aeruginosa, and Proteus americanus gave re-

sults which might have been confused with those of the Eseher-

ichia-Aerobacter group. No growth was obtained with the Grampositive Staphylococci, and Micrococci ,Flavobacterium aurantiacum, Chromobacterium violaceum,or Ps. flourescens.

E osin m e thylene blu e agar

:

Results were nearly identical

with those of the Endo's medium, the principal exception being
that, while on Endo's agar^Aero. oxytocum and Sal. schottmulleri resembled Escherichia, on eosin methylene blue agar these

species resembled Aerobacter. The species which failed to grow
on Endo's medium, faifcid to grow on eosin metlrylene blue agar.

Tonney and Noble me dium; On this medium only members of
the Eseherichia-Aerobacter group, Pseudomonas aeruginosa, Alc-

aligenes faecalis, and Proteus vulgaris gave growth at the end
of 48 hours. Aero, cloacae and Aero, oxytocum at 24 hours re-

sembled Escherichia but in 48 hours they were more typical of

Aerobacter. Ps. flourescens and Ale. faecalis might have been
confused with Escherichia.

MacConkey'3 a g ar

;

Reactions were normal for all of the

Eseherichia-Aerobacter group except that at 24 hours Aero,
cloacae resembled Escherichia. Salmonella schottmulleri, Pseudomonas aeruginosa, Proteus vulgaris , Proteus americanus, and

Alcaligenes faecalis resembled Aerobacter after 48 hours. A
few species failed to grow and of these the most important

were Micrococci , Staphylococcus citreus,and Ps. flourescens

which might be significant in interfering with the presumptive
test.

Part

II:

Antibiotic Q ombi nations.

In the literature several organisms have been reported as

interfering in various ways with the presumptive test due to
the Escherichia-Aerobacter group. Among the organisms Are:

Pseudomonas (flourescens
aeruginosa
(

Proteus (vulgaris
(americanus

Salmonella schottmulleri
Staphylococcus (aureus
(albus
(citreus

Streptococcus

faecalis

.

Combinations of these organisms with Esch. coli, Aero, aerogenes,
and theless common members of the group were studied. Inocu-

lation and incubation were as previously indicated. Results
are shown in tables 3 and 4. Several strains of each organism

were employed ,but the results for any one species were uniform, and therefore were combined and recorded in the tables as
if one strain only of each had been used. Analysis of tables
3

and

4

show the following data:

Lactose broth

:

There was no apparent inhibition of gas

production by Escherichia coli or Aerobacter aerogenes. There
was no interference of gas production by Aero, oxytocum or Esch.

aeidilactici. Esch. neapolitana and Aero, cloacae failed to

produce gas in any of the combinations except with Strepto*
coccus faecalis. In the cultures of Esch. neapolitana and
Aero, cloacae which were inhibited by an associated organism,
the presence of Escherichia and Aerobacter were verified by
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streaking onto Endo's and eosin methylene blue agar. The streak
plates showed their presence in every case.
t>'«\«.

B rilliant green* broth; Gas was produced in all cultures,

but in a few instances its production was delayed to 48 hours
The Dominick and Lauter broth

:

Acid and gas were produced

in all cultures. In a few cases gas production was delayedjbo
48 hours.

Tonney and Noble medium

;

There was no interference with

the characteristic growth of the members of the Escherichia-

Aerobacter group.
MacConkey's agar

;

The results were similar to those ob-

tained on the Tonney and Noble medium. In a few instances there

would be difficulty in differentiating between Escherichia

arid

Aerobacter but all species would be recognized as members of
the group.
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Part III: Symbiotic Combinations.

Certain symbiotic bacterial combinations combinations not

containg any member of the Escherichia-Aerobacter group have

been reported in the literature as being responsible for false

presumptive tests in water analysis. Some of these combinations
are

:

Staphylococcus

aureus with Pseudomonas
albus
citreus

(
[

(

Staphylococcus

aureus with Proteus
albus
citreus

(
(
(

Staphylococcus

(
(

(

(

flourescens
aeruginosa

vulgaris
americanus

aureus with Salmonella schottmulleri
albus
citreus

(

Streptococcus faecalis

Streptococcus faecalis

with Proteus

(

vulgaris

{

americanus

with Salmonella schottmulleri.

Combinations of several strains of each of the above organisms

were inoculated and incubated as previously described. Examinations were made after 24 and 48 hours. Results are shown in
table5, and an analysis of the table shows the following data:

Lactose broth

Combinations of Staphylococci with Proteus_,

:

and With Salmonella produced a slight amount of gas in 24
,

hours. This production of gas became more pronunced in 48
hours. Streptococcus faecalis with Proteus, and with Salmonella,

produced gas at 48 hours. Pseudomonas with Stapgylococcus produced no gas.
Bri llia n t green bile

:

Only the combination of Strep, fae-

calis with Proteus produced gas.
The Dominick and Lauter broth: All combinations produced
gas in 48 hours. Strep, faecalis with Proteus was positive in

-'46-

24 hours. Staphylococcus with Pseudomonas was negative in 24

hours. The other combinations contained traces of gas in 24

hours.

Endo's agar and eosin methylene blue agar were streaked
from cultures of combinations giving gas in lactose broth, to
determine whether the reuslting growth on the Endo's and eosin

methylene blue agar could be confused with that of the Escher-

ichia-Aerobacter group. Results are shown in table 6. It was
observed that the Staphylococcus-Salmonella and Strep, faecalis
Proteus combinations on both media gave reactions which could

have been interpreted as those of the Escherichia-Aerobacter
group. The same results were obtained on plates streaked from
the Dominick and Lauter and brilliant green bile media. The

combination of Staphylococcus with Pseudomonas which was positive in the Dominick and Lauter broth, when streaked on Endo's
agar, produced a growth which could beconfused with Aerobacter.

Tonney and No b le m edium: Ho results were obtained which

would in any way be confused with positive results for the Esch
erichia-Aerobacter group.

MacConkey's agar: The combinations of Staphylococcus with
Pseudomonas and Strep, faecalis with Proteus gave results which
,

could be confused with the growth of the Escherichia-Aerobacter group. None of the other combinations gave results which

might be confusing.

_
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The following abbreviations are used in the tables:
L.

B.

B.

G.

Lactose broth
B.

Brilliant green lactose peptone bile

Methylene blue, erythrosine, from cresol

D. L.

purple broth

T.

Domini ck and Lauter medium

Endo's agar

Endo's

Em M.

-

B.

$T.

MacC.

Eos in

-

methylene blue agar

Perroeyanide citrate agar.

Tonney and Noble

MacConkey's bile salt agar.

These symbols are used to indicate the results obtained:
Ac.

Acid production

Alk.

Production of an alkaline reaction in the

medium
G.

Gas production

G~

Indicating that gas at 24 hours was less
than 10 per cent.

Gr.

growth

C-

growth resembling Esch. coli growth

A*

growth resembling Aero, aerogenes growth

CA, or AC.

Intermediate between Escherichia and
Aerobacter, the first letter indicating
the predominating type of growth

no growth

-48T able 1
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Growth in 24 hours of pure cultures of different

bacteria on media employed in water analysis

.

Media Employed
Culture

L.B.

B.G.B

i

D.L. Endo

E.M.B

'

MacC

Esch. coli

Ac.G.

G.

Ac.G.

C.

C.

Aero, aerogenes

Ac.G.

G.

lAc.G.

A.

A.

Esch. acidilactici

Ac.G.

G.

Ac .G.

C.

Esch. neapolitana

Ac.G-

Ac.G-i

Aero, cloacae

Ac

Gr.

Aero, oxytocum

Ac.G.

Sal. schottmulleri

Gr.

Staph, aureus

Ac

Gr.

Gr.

Staph, albus

Ac.

Gr.

Gr.

c.

C.

a.

A.

C.

c.

C.

C.

C.

c.

C.

Ac.

A.

A.

G.

Ac . G

C.

A.

Gr.

Ac.

Gr.

A.

;

i.p.-— A.
c
A.

Staph, citreus

Micro, flavus

-1

Strep, faecalis

Ac.

kr.G-. Ac.G-.

Gr.

CA.

Gr.

1

marscens

Gr.

Ac.

Elavo. aurantiacum

Gr.

Ac.

Chromo. violaceum

Gr.

^Gr.

ST.

Ps. aeruginosa

Alk.

Gr.

Ac.

Ps. flourescens

Alk.

Gr.

?Gr.

Proteus vulgaris

Gr.

Gr.

Proteus americanus

Gr.

Ale. faecalis

Alk

Gr.

!

Gr.

Gr.

A.

Gr.

Gr.

Gr.

Gr.

Gr.

Gr.

Gr.

Ac.

C.

--

Gr.

• mm

c.

A.

A.

A.

Gr.

c.

A.
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Table 2 ; Growth in 48 hours of pure cultures of different

bacteria in media employed in water analysis.

Media Employe d

,

Culture

B.G.B \ D.L. Endo

L.B.

1

s

E

•

11

-—
•

B

i

T.N. MacC.
j

Esch. coli

Ac.G.

Aero, aerogenes

Ac.G.j

Ac .G.

C.

c.

C.

C.

G.

Ac.G.

A.

A.

u

A.

A.

C.

C.

G.

•

1

J

Esch. acidilactici

Ac.G.;

G.

Ac.G/

C.

Esch. neapolitana

Ac.G.

G.

Ac,G.

c.

C.

C.

Aero, cloacae

Ac.G.

G.

A.

A.

CA.

A.

Aero, oxytocum

Ac.G.

G.

Ac .G

C•

uJL-

CA.

CA.

Sal. schottmulleri

Gr.

Gr.

Ac

C.

Staph, aureus

Ac.

Staph, albus

Ac.

|

Gr.

,

ic.

Gr. (Ac)

--

r

—

Gr.

A.
-

—

j

Gr.
a* «•

Gr.

m

Gr.

Staph, citreus

Micro, flarus

Gr.

Micro, varians

Ac

Strep, faecalis

Ac.G.

G.

Ac.G.

Gr.

Gr.

Ac.

S.

marscens

c.

AC.

Gr.(A) Gr.

Ml

~

A.
i

—

Flavo. aurantiacum

Gr.

Gr.

Ac

Chromo. violaceum

Gr.

Gr.

Gr.

Ps. aeruginosa

Alk.

Gr.

Ac.

Ps. flourescens

Alk..

Gr.

Ac

Proteus vulgaris

Gr.

Gr.

Ac.

Gr.

Proteus americanus

Gr.

Gr.

Ac.

A.

Ale. faecalis

Alk.

Gr.

Ac

C.

--

Gr.
Gr.

Gr.(A)

C.

A.
Gr.

Gr.

Gr.

Gr. (A$

Gr.

A.
A.

C.

A.

•

$99*

gable

5

;

Growth in 24 hours of potentially antibiotic

combinations on media employed in water analysis.

Media Employed
\

Cultures

L. B.

B.G.Bi D.L.

T.N.

MacC.

Ac.G.

C.

A.

Dsch.coli with Pseudomonas

Ac.G.

Esch.coli with Proteus

Ac.G.

G.

Ac.G.

C.

w~

Esch.coli with Salmonella

Ac.G.

G.

Ac.G.

C.

c.

Esch.coli with Staphylococcus

Ac.G.

G.

Ac.G.

C.

Esch.coli with Strep. faecalis

Ac.G.

G.

Ac.G.l ir.(C)

"

c.
c.

I

^ero.aerogenes with Pseudomonas

Ac.G.

G.

Ac.G.j

A.

to

Aero.aerogenes with Proteus

Ac.G.

G.

Ac.G.

A.

A.

Aero.aerogenes with Salmonella

Ac.G.

G.

Ac.G.

A*—

A.

Aero.aerogenes with Staphylococcus

Ac.G.

G.

Ac.G.

A.

A.

Aero, aerogenes with Strep. faecalis

Ac.G.

G.

Ac.G.

A.

A.

Esch.acidilactici with Pseudomonas

Ac.G.

G.

Ac.G.j

C.

AA

Esch.acidilactici with Proteus

Ac.G.

G.

Ac.G.

Gr.

C.

1

Esch.acidilactici with Salmonella

Ac.G.

G.

Ac.G.

C.

CA.

Esch.acidilactici with Strep. faecalig Ac.G.

G.

Ac.G.

Gr.

C.

Ac.

G-.

Ac.9-

C.

CA.

—Ac.
——

G-.

Ac.G-

C.

C.

ft

c.

«

Esch.neapolitana with Pseudomonas

Esch.neapolitana with Proteus

,

Esch.neapolitana with Salmonella

Ac.

ic.

G-

•

t

Ac.G- L G

Ac.G.

Gr.

c.

Ac.

G-.

Ac . Gw

A.

A.

Aero. cloacae with Proteus

Gr.

—G-.
—

Ac.G-

A.

A.

Aero. cloacae WISH Salmonella

Gr.

G-.

Ac.G-

A.

A.

Aero. cloacae with Strep. faecalis

Ac.G.

G-.

Ac.G.

Ac.G.

G.

Ac.G.

CA.

CA.

Ac . G

G.

Ac.G.

CA.

fi.

Ac.G.

G.

Ac.G.

CA.

C.

Ac.G.

G.

Ac.G.

C.

Esch.neapolitana with Strep. faecalis
A.ero.

cloacae with Pseudomonas

Aero.oxytocum with Pseudomonas

Aero.oxytocum with Proteus
l\ero.

,

oxytocum with S3,lmonella

kero. oxytocum with Strep. faecalis

;

i

|

\

A.

c.

Table 4

:

Growth in 48 hours of potentially antibiotic

combinations in media employed in water analysis.

Cultures

L.B.

B.G.B

Esch.coli with Pseudomonas

Ac.G.

Esch.coli with Proteus

Ac.G.

G.

Esch.coli with Salmonella

Ac.G.

Esch.coli with Staphylococcus

G.

,

D.L. T.N.
Ac.C

place.

C.

A.

Ac.G.

C.

C.

G.

Ac.G.

C.

C.

Ac.G.

G.

Ac.G.

c.

C.

Esch.coli with Strep. faecalis

Ac.G.

G.

Ac.G.

c.

C.

Aero.aerogenes with Pseudomonas

Ac.G.

G.

Ac.G.

A.

A.

Aero.aerogenes with Proteus

Ac.G.

G.

Ac.G.

A.

A.

Aero.aerogenes with Salmonella

Ac.G.

G.

Ac.G.

A.

A.

Aero.aerogenes with Staphylococcus

Ac.G.

G.

Ac .5.

A.

A.

Aero, aerogenes with Strep. faecalis

Ac.G.

G.

Ac.G.

A.

A.

Esch.acidilactici wiflh Pseudomonas

Ac.G.

G.

Ac.G.

C.

A.

Esch.acidilactici with Proteus

Ac.G.

G.

Ac . G

C.

C.

Esch.acidilactici with Salmonella

Ac.G.

G.

Ac .G.

C.

C.

Esch.acidilactici with Strep. faecalis Ac.G.

G.

Ac.G.

C.

c.

Ac.

G.

Ac.G.

c.

CA.

|Ac.

G.

Ac . G

c.

c.

Esch.neapolitana with Salmonella

Ac.

G.

Ac.G.

c.

c.

Esch.neapolitana with Strep. faecalis

Ac.G.

G.

Ac.G.

c.

c.

Aero. cloacae with Pseudomonas

Ac

G.

Ac. G.

A.

AA

Aero. cloacae with Proteus

Ac

G.

Ac.G.

A.

Aero. cloacae with Salmonella

Ac.

G.

Ac.G.

A.

Aero. cloacae with Strep. faecali

Ac.G

G.

Ac.G.

C.

Ac.G.

G.

Ac.G.

CA.

CA.

Aero.oxytocum with Proteus

Ac.G.

G.

Ac.G.

CA.

C.

Aero. oxy to cum with Salmonella

Ac.G.

G.

Ac.G.

CA.

C.

Aero. oxytocum with Strep. faecali

Ac.G.

G.

Ac.G.

C.

C.

.

j

Esch.neapolitana with Pseudomonas
Esch.neapolitana with Proteus

Aero.oxytocum with Pseudomonas

A.
A.
A.

.

m

Table

5

:
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Growth of combinations of organisms not of the

Bscherichia-Aerobacter group on media employed in water
analysis.
24 hdurs

6ultures

L.B

Media Employe^
B.G.B.

D.L.

T.N.

MacG.

Gr.

Gr^CA.I

Staphylococcus with Pseudomonas

Ac

Gr.

Ac

Staphylococcus with Proteus

Ac .G-

Gr.

Ac.G- '~ZZ

Gr.

Staphylococcus with Salmonella

Ac .G-

Gr.

Ac .G-

Gr.

3trep.faecalis with Proteus

Ac .G-

Gr.

,

Ac .G»
.

Strep. faecalis with Salmonella

Ac.

Gr.

.

A i

.

Ac.G-

4o nc urs

Staphylococcus with Pseudomonas

Ac

Gr.

Ac.G.

Staphylococcus with Proteus

Ac.G.

Gr.

Ac.G.

Gr.#'

Gr.

staphylococcus with Salmonella

Ac.G.

Gr.

Ac.G.

Gr.

Gr.

Strep, faecalis with Proteus

Ac.G.

G.

Ac.G.

5trep. f aecali s with Salmonella

Ac.G.

Gr.

Ac.G.

Gr. Gr.lCAj

A. 1

# This result was obtained only with those combination
cultures containing Proteus vulgaris as one of the pair;
those cultures containing Proteus Americanus produce^ a growth
which was not signif icant.
which w
#2 This was the result when Proteus vulgaris was one of
the pair; therewas no growth when Proteus americanus was used
in these combinations on this media,.
•

.
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Table

6

;

Endo's and eosin methylene blue plates streaked

from the combination cultures (of table5) in lactose broth,
brilliant green bile, and the Dominick and Lauter medium.

Media ] employed
24 hours

Cultures

48 hours

Endo' sE.M.B Endo

Streaked from L.B.

'

Staphylococcus with Pseudomonas

Gr.

Gr.

A.

Staphylococcus with Proteus

Gr.

Gr.

Gr. (A)

Staphylococcus with Salmonella

C.

Gr.

Strep. faecalis with Proteus

C.

Gr. (A

|e.M.B,
|

Gr.
Gr.

CA.

jGr.fA'

C

;Gr.(A)

Streaked from B.G.B.

Staphylococcus with Pseudomonas

Staphylococcus with Salmonella
Strep. faecalis with Proteus

S

Gr.

Gr.

A.

Gr.

C.

Gr.

CA.

Gr.

A.

C.

AC.

Gr.

Gr.(C

1

Streaked from D.L.
a

Stphjlococcus with Pseudomonas

Gr.

Gr.

A.

Staphylococcus with Proteus

Gr.

CA.

Gr.

Gr r

Staphylococcus with Salmonella

C.

CA.

Gr.

A.

Strep. faecalis with Proteus

G.

A.

C.

AC.

(A],
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DISCUSSIOK
The foregoing results have shown the ability of Standard

Methods lactose broth to support the growth of common waterborne organisms which might in one way or another confuse the

interpretation of presumptive tests for the Escherichia-Aerobacter group in water analysis.

Brilliant green bile demon-

strated its ability to eliminate certain acid-forming bacteria,

particularly the Streptococci and Micrococci, which are a significant part of any combination giving a false presumptive
It has been stated by Dunham, McCrady, and Jordan (8)

test.

that in any combination of organisms

,

none of which produce

gas from lactose when growing alone, but which do produce gas

when growing in symbiosis, one of such a combination must be
able to produce acid from lactose.

The Dominick and Lauter

medium gave results which were comparable with those of brilliant green bile.

Some of the Streptococci, however, were able

to grow in the Dominick and Lauter medium.

Of the solid media employed the Tonney and Noble medium

was emphaticaly the best, due to the fact that it did not support the growth of many of the organisms, particularly Gram-

positive species, which might othwise be confused with, or interfer with, the Escherichia-Aerobacter group.

The medium has the

additional advantage, claimed for it by its originators, that it
does, in a general way, distinguish between Escherichia and Aero-

bacter
In studying the associative action of various bacteria,

antibiosis was demonstrated only in combinations of Pseudomonas
Proteus or Salmonella with the less common member of the Escher-
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ichia-Aerobacter group.

These Antibiotic effects were ob-

served anly in the lactose broth, so that any of the other

media employed would be efficient in eliminating this factor.
Of the symbiotic relationships studied only that of

Staphylococcus with Pseudoraonas failed to produce gas in
lactose broth.

The Dominick and Lauter medium gave a posi-

tive presixmptive test in all of the combinations in 48 hours,

whereas, brilliant green bile permitted a false presumptive test
only in the case of Strep, faecalis with Proteus.

The Tonney

and Noble medium entirely eliminated all of the false presumptive tests, while MacConkey

'

s

agar permitted a false test only

in the case of Strep, faecalis with Proteus.
It would appear from the results that, of the fluid media

employed, the brilliant green bile is the most satisfactory,
since it entirely eliminated the antibiotic effects and per-

mitted a false presumptive test with only one combination.
The Tonney and Noble medium proved more satisfactory than

MacConkey 's

bile salt agar, but only slightly so.

The

Tonney and Noble medium would seem to be worthy of further
Its preparation is laborious and so its use is not

study.

practical except in a laboratory doing a considerable number
of water analysises.

A

fa.ct

worthy of mention here is that Pseudomonas

flourescens failed to grow on the solid media employed, although other Gram-negative species were able to grow.

This

was probably due to the fact that the optimum temperature for
this organism is lower than that used for incubation in these

studies.

In a preliminary experiment using various incubation

temperatures, Ps

.

flourescens was able to grow on the solid media
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when the incubation temperature was 30°c.

Another fact that

might he noted is that several strains of the Escherichia-

Aerobacter group were weak and slow growing.

Aero-cloacat was

particularly slow growing and failed to produce gas in the
Dominick and Lauter medium.

Some investigators have reported

that inhibitory media, such as the Dominick and Lauter medium

and brilliant green bile were not reliable since they could

inhibit the less sturdy members of the Escherichia-Aerobacter

group and thus fail to show the presence of existing pollution.

However, the sanitary significance of such weak strains of the

Escherichia-Aerobacter group is still an open question.
In the present experiments it has been impossible to

duplicate water conditions.

As has been reported by Sears and

Putman (49) and Greer (13) the results obtained with either
symbiotic or antibiotic combinations vary with the strains

used and with the number of organisms of each species added.
In water these factors would vary from the conditions in the

experiments and different results might be obtained.

However,

the results here reported indicate the probable reactions with
the media studied.

Certain aerobic and anaerobic spore-forming organisms,

especially B. asterospor^us and CI. welchii, have been reported
as giving false presumptive tests.

It was not possible, how-

ever, to include them within the scope of this work.
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SU1MARY
1.

Certain media employed in the bacteriological

analysis of water have been studied with a number of species
of bacteria commonly encountered in water.

Among these are

species which have been reported as interfering with tests
for the Escherichia-Aerobacter group, and others which in

symbiotic combinations have been reported as giving false

presumptive tests in water samples.
2.

The media used were: lact-ose broth, brilliant green

lactose peptone bile, the Dominick and Lauter medium, Endo's
agar, eosin methylene blue agar, the Tonney and Noble ferro-

cyanide-citrate agar, and MacConkey's bile salt agar.
3.

Of the fluid media, brilliant green bile indicated

its ability to eliminate organisms which might interfer with

true presumptive tests, and others which might produce false

presumptive tests.

The Dominick and Lauter medium was partial

ly effective in both respects but not so much so as the bril-

liant green bile.
4.

Of the solid media the Tonney and Noble medium seems

to offer much promise for elimination of organisms which inter

fer with presumptive tests or of thos

cally^false presumptive tests.

e

which produce, symbioti

The Tonney and Noble medium

appears to have verified, the claims made for it by its originators, that it can differentiate between Escherichia and Aero

bacter
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